Objective-To describe the relationship of delivery room cardiopulmonary resuscitation (DR-CPR) to short term outcomes of extremely preterm infants.
Introduction
Extreme prematurity is associated with mortality as well as short-and long-term health complications. During the 1980s and 1990s, there was a decrease in mortality rates of extremely premature infants. 1, 2 However, recent studies suggest that the survival and neurodevelopmental outcomes of this population have reached a plateau. 3, 4, 5, 6 Poor outcomes are even more prevalent in very low birth weight infants who have received delivery room cardiopulmonary resuscitation (DR-CPR), defined as chest compression and/or epinephrine. 7, 8, 9, 10, 11, 12 A study of patients in the National Institute of Child Health and Development (NICHD) Neonatal Research Network (NRN) found that DRCPR was associated with increased mortality and neurodevelopmental impairment. 10 Early studies of this population have been limited in the ability to identify potential associations between DR-CPR and outcomes at different gestational ages due to small numbers. The majority of more recent studies have focused on the experience of tertiary/ regional (American Academy of Pediatrics (AAP) Level IV) neonatal intensive care units (NICUs), however a substantial portion of the care of preterm infants occurs at community level hospitals (AAP Level II and III). 13 In fact, the majority of care of very preterm infants occurs at non-academic community level hospitals. 14 Outcomes and practice patterns can vary according to the level of care and the general practice of providing DR-CPR in the community is not well described.
The question of the benefit or harm of DR-CPR in extremely preterm infants is a pressing one in the field of neonatal resuscitation. We performed a population-based study on the incidence of DR-CPR and its relationship to mortality and morbidities of extremely preterm infants (22+0/7-27+6/7 weeks), stratified by gestational age.
Methods

Study Population
The California Perinatal Quality Care Collaborative (CPQCC) prospectively collects data from the majority of NICUs in California. At the time of this study, the CPQCC included 130 NICUs, and we estimate that this dataset includes >95% of eligible premature infants in the state. The California Children's Services classifies NICUs into three levels which generally correspond to the American Academy of Pediatrics (AAP) Level designations as follows: Regional (Tertiary) NICUs (similar to AAP Level IV) provide mechanical ventilation and a full range of pediatric medical and surgical subspecialty services for patients, and outreach services to surrounding hospitals; Community NICUs (similar to AAP Level III) provide unrestricted care and ventilation to infants of all gestational ages and may have some availability of medical and surgical subspecialty services; Intermediate NICUs (similar to AAP Level II) provide care to a variably restricted population, ventilate only up to a specified number of hours, and refer all complicated cases to a higher level of care. 13 However, there are some variations at the individual NICU level, as some Community NICUs may not offer surgical services, and not all Intermediate NICUs are equivalent to AAP Level II. 15 The study cohort included infants born from January 2005 to December 2011, between 22+0/7 and 27+6/7 weeks gestation. Prior to applying additional exclusion criteria, there were 16 621 infants in the cohort. Infants included in the cohort were born in any one of the CPQCC associated NICUs, infants born at a non-CPQCC center were not included in the study. Exclusion criteria were similar to a previous multi-center study examining this question in the context of the NICHD NRN. 10 In order to limit the possibility of errors in estimation of gestational age, infants who fell outside the 1 st or 99 th percentile for birth weight for their gestational age were excluded (n=76 infants). Infants with severe congenital abnormalities or congenital abnormalities of unknown severity were excluded (n = 957), as were infants with congenital viral infections (n = 73). Infants who received palliative care, defined as having received no resuscitation in the delivery room and died, or never received mechanical ventilation in the NICU and died, were also excluded (n = 1 757). The final analytic cohort included 13 758 infants.
Data analysis
DR-CPR was defined as chest compressions and/or administration of epinephrine in the delivery room. Per the CPQCC manual of definitions, delivery room chest compressions included any external cardiac massage performed immediately after birth. 16 This was a binary variable, infants were not stratified based on duration of chest compressions. Delivery room intubation was not included in the identification of the DRCPR cohort. Student's t test or chi-squared test was used, as appropriate, to compare maternal and neonatal characteristics between those who did or did not receive DR-CPR. The WilcoxonMann-Whitney test was used to compare Apgar scores. Variables examined included gestational age, birth weight, gender, multiple gestation, antenatal steroid exposure, maternal hypertension, chorioamnionitis, maternal bleeding, mode of delivery (vaginal or cesarean section), race, and Apgar scores. Data collection was performed by trained data abstractors based on definitions from the CPQCC and Vermont Oxford Network. 16, 17 The primary outcome variable was death before hospital discharge, including if the death occurred after transfer to another hospital. Secondary outcomes included death in the first twelve hours of life, early onset sepsis (<72 hours after delivery), pneumothorax, patent ductus arteriosus, grade 3 or 4 intraventricular hemorrhage (IVH), cystic periventricular leukomalacia by 36 weeks corrected gestational age, a diagnosis of necrotizing enterocolitis (NEC), NEC requiring surgical intervention, postnatal steroids for chronic lung disease, postnatal steroids for any indication, and bronchopulmonary dysplasia (BPD, defined as an oxygen use at 36 weeks corrected GA). In cases in which infants were transferred out to another CPQCC NICU, the outcomes of in-hospital mortality, patent ductus arteriosus, IVH, periventricular leukomalacia, NEC, postnatal steroids, and BPD were followed across hospitals as part of the infant's initial hospital course.
A multivariable mixed regression model using the GLIMMIX procedure in SAS version 9.3 (SAS, Cary, NC) was used for risk adjustment. Based on previous literature, predictors in the model included gestation age, birth weight, gender, completion of antenatal steroids, and multiple gestation. 18, 19 Hospital of birth was applied as a random effect. Analysis of the entire cohort, followed by subgroups stratified by gestational age was completed. Subgroups were as follows: 22 to 23+6/7 weeks GA, 24 to 25+6/7 weeks GA, 26 to 27+6/7 weeks GA. Odds ratios (OR) were estimated with 95% confidence intervals (CI). Sensitivity analyses for relevant secondary outcomes were performed for the entire cohort and after stratification based on gestational age. We excluded infants who died in the first twelve hours of life to test for possibility of bias due to early death.
In order to examine variation of care by hospital, we calculated rates of DR-CPR by birth hospital. We used a stepwise logistic regression model to account for significant factors that increased likelihood of receiving DR-CPR, and estimated a risk adjusted hospital rate for each hospital that cared for at least 20 eligible patients during the study period. Summary statistics were calculated for crude and adjusted rates. Institutional Board Review approval was obtained through Stanford University.
Results
During the study period, there were 13 758 infants who met inclusion criteria, 12 902 (93.8%) did not receive DR-CPR and 856 (6.2%) received DR-CPR. Infants who received DR-CPR were more likely to be younger, smaller, born in the setting of chorioamnionitis or a maternal bleed, and have lower 1 and 5 minute Apgar scores. Infants who received DR-CPR were less likely to be from multiple gestation pregnancies and have antenatal steroid exposure. There was no difference between the two groups in gender, mode of delivery, race, or presence of maternal hypertension (Table 1) .
In multivariable regression analysis for the whole cohort of infants, those who received DR-CPR were more likely to have early onset sepsis, grade 3 or 4 IVH, receive post-natal steroids and die prior to hospital discharge. No difference was seen in the other secondary outcomes (Table 2) . DR-CPR was not associated with improvements in the studied outcomes. In order to account for potential bias in early deaths leading to decreased incidence of secondary outcomes, we performed regression analyses for secondary outcomes excluding patients who died before 12 hours of age, and results were similar.
There were 1 511 infants in the 22 to 23+6/7 GA subgroup, of which 142 (9.4%) received DR-CPR. There were no differences in outcomes between those who did or did not receive DR-CPR for this GA group ( Table 2 ). The 24 to 25+6/7 GA subgroup had 5 293 infants, of which 402 received DR-CPR (7.6%). Those who received DR-CPR were more likely to have grade 3 or 4 IVH ( Table 2 ). In the 26 to 27+6/7 GA subgroup, there were 6 954 infants with 312 receiving DR-CPR (4.5%). Infants who received DR-CPR were more likely to die in the first twelve hours of life, have early onset sepsis, grade 3 or 4 IVH, require post-natal steroids, and die prior to hospital discharge. There was no difference between the two groups for other secondary outcomes (Table 2) . DR-CPR was not associated with improvement of any of the studied outcomes for the individual subgroups. Notably, the relationship between DR-CPR and some outcomes differed according to gestational age. For example, grade 3 or 4 IVH was increased in both 24 to 25+6/7 week and 26 to 27+6/7 week infants, but not for 22 to 23+6/7 week infants. (Figure 1 ) DR-CPR rates differed by hospital level of care, with infants born at regional hospitals (324/4 417, 7.3%) more likely to receive DR-CPR than those born at community hospitals (423/7 784, 5.4%, p < 0.0001). Of the 115 hospitals that had at least 20 patients meeting study eligible criteria over the study period, there were 7 hospitals that had no patients receiving DR-CPR. The mean DR-CPR rate by hospital was 6.4%, median 5.5%, with interquartile range 2.7% to 9.5%. The highest hospital DR-CPR rate was 20.7%. With risk adjustment for multiple gestation, gestational age, and antenatal steroids, the mean rate was 6.3 %, median 5.7%, interquartile range 2.9% to 8.9%, with maximum hospital rate of 20.9% (Figure 2 ).
Discussion
In our population-based study of extremely preterm infants, those infants who received DR-CPR generally had worse outcomes than those who did not receive DRCPR. However, the degree of increased adverse outcomes differed by gestational age group. We also found notable variation between rates of DR-CPR across hospitals in California.
For the youngest GA group (22 to 23+6/7 weeks), DR-CPR was not associated with increased or decreased mortality or morbidity. However, the mortality rate of this subgroup, for both those who did and did not receive DR-CPR, was high ( Table 2 ). More than half of these infants died, regardless of whether they received DR-CPR or not. Given the high mortality rate in the first 12 hours of life and prior to hospital discharge, DRCPR does not appear to be associated with differential short term outcomes in this population. The DR-CPR group was younger, smaller, had less antenatal steroid exposure and increased chorioamnionitis, all of which could contribute to increased mortality rate. It is possible that these mortality rates may have limited the observed rates of complications associated with prematurity. For example, the secondary outcome of NEC or BPD, which by definition is diagnosed at 36 weeks corrected GA, were probably less likely to be seen in this subgroup.
There were adverse outcomes associated with DR-CPR in the 24 to 25+6/7 week subgroup. Although the two groups did not have significantly different risk-adjusted mortality, there was a significantly increased risk for grade 3 and 4 IVH in infants who received DR-CPR. Previous literature has proposed that IVH in infants after DR-CPR is associated with blood pressure fluctuations during resuscitation. 20 This could be related to variation in the quality and depth of chest compressions or the administration of epinephrine, given that it is vasoactive drug, which causes rapid changes in vascular tone and blood pressure. The association between Grade 3 and 4 IVH with DR-CPR in preterm infants has been previously reported by the NICHD NRN and Canadian Neonatal Network (CNN), however both reported additional adverse outcomes in populations that averaged 25 to 26 weeks. 10, 12 This finding is different from our study and likely related to the stratification. Given that previous studies have looked at a wider range of infants, for example less than or greater than 1000g, it may be that the additional adverse outcomes reported actually primarily reflect those of the older infants. Although follow up data are not yet available for this cohort, it is known that extremely premature infants born between 24 to 28 weeks with grade 3 or 4 IVH have higher rates of neurodevelopmental impairment. 21 Notably, one of the limitations regarding IVH outcomes is variable reporting between centers; CPQCC attempts to address this issue through data training and auditing, and by using a diagnosis of IVH that is based on radiology reports.
The findings of the cohort as a whole largely reflect those of the 26 to 27+6/7 week GA subgroup, which represents over 50% of the total cohort. The analysis of both the whole cohort and 26 to 27+6/7 GA infants who received DR-CPR showed increased mortality and morbidity associated with DR-CPR ( Table 2 ). The adverse outcomes described mirror the findings of the NICHD NRN and CNN, though we did not find a difference in BPD rates. 10, 12 While infants in the 26 to 27+6/7 week group were less likely to receive DR-CPR than 22 to 23+6/7 week infants, (4.6% versus 9.4%), they still had significant adverse outcomes. Although there may be presumptions that these relatively more mature infants could fare better, even with aggressive delivery room resuscitation, these results suggest that this may not be the case.
Our study demonstrates the importance of stratifying outcomes by GA when possible in observational studies of preterm infants ( Figure 1 ). As physiologic differences may be present even with one to two weeks of in utero growth, therapies are likely to have differential effects based on gestational age. Even within a relatively narrowly defined group of extremely preterm infants, we found that the overall result was heavily influenced by the oldest and largest group of 26 to 27+6/7 week GA infants, and that results varied according to gestational age strata.
While some characteristics of those who did and did not receive DR-CPR were similar, such as gender and race, there were some differences that could impact neonatal outcomes. Higher birth weight, gestational age, and antenatal steroid exposure appear to be protective features, and we controlled for these variables in multivariable regression. 18, 19 Another difference was the incidence of chorioamnionitis, which likely plays a role in the incidence of early onset sepsis and could explain the increase in early onset sepsis in the 26 to 27+6 week subgroup. There were also increased rates of maternal hemorrhage in the group receiving DR-CPR. It is unclear how maternal hemorrhage might affect the infant, however there may be certain circumstances like vasa previa that impact the infant's circulatory status and response to resuscitation. It may be that DR-CPR is a general marker of illness severity at the time of birth, as reflected in the lower Apgar scores of the DR-CPR cohort, and could modify interpretation of outcomes.
A previous study of primarily academic medical centers in the Neonatal Research Network found much higher rates of DR-CPR (15%) in a similar population, compared to 6% in our study. 10 Additionally the CNN, which is also a population based data network reported a DR-CPR rate of 10.9% in infants <1000g. 12 We found that DR-CPR rates were highest in Regional NICUs (7.3%), yet still relatively low compared to the aforementioned studies. The majority of infants in this study were born at hospitals with community NICUs and the DR-CPR rate was 5.4% at those hospitals. The differences between regional and community NICUs is notable and consistent with previous literature showing decreased mortality in extremely preterm infants born in hospitals with high volume and high level of care. 22, 23 The wide variation in adjusted DR-CPR rates across hospitals, even with the acceptance of the Neonatal Resuscitation Program algorithm, suggests that there is not consistent implementation of the resuscitation algorithm in this population. (Figure 2 ). 24 The marked variation in DR-CPR rates is likely influenced by a variety of factors including the philosophy and judgment of the bedside clinician, who may or may not be a neonatologist, and individual hospital resuscitation thresholds/policies. One might suggest that the wide range of experience of those resuscitating extremely preterm infants is a limitation of this study, however it is arguably a strength, given that it accurately reflects the population-based experience. Thus these findings truly represent the community experience in the United States and can be applied more broadly than previously available data. This study is limited by the lack of availability of long term follow-up. Considering our findings of a differential effect of DR-CPR by gestational age, there is likely benefit to further outcomes research in the youngest gestational age infants who do survive. Although we did not find a difference in death or in-hospital morbidities, it is possible that there are impacts on development and long-term morbidities. Although not specific to 22 to 23+6 week infants, worse long term outcomes after DR-CPR have been reported. 10 Although this study suggests that DR-CPR is a risk factor for adverse outcomes, given that outcomes are better for 26-27+6/7 week infants who received DR-CPR than 24-25+6/7 week infants who did not, these data continue to reinforce the importance of gestational age and perhaps suggest that older infants are potentially more appropriate DR-CPR candidates. These findings may add to discussions with families of extremely preterm infants. While there are potential confounding factors, for example if an infant is more acutely ill, physicians and families would like to assume that any intervention will only improve the chance of survival and well-being of their infants. Thus the discussion around the benefit versus harm of DR-CPR continues.
In our population-based cohort of extremely preterm infants, we found that DRCPR is associated with adverse outcomes, particularly for those infants at somewhat higher gestational age (26 to 27+6/7 weeks). For those infants born at 22 to 23+6/7 weeks, overall mortality and morbidity was high, but there was not a differential impact of DR-CPR. Although current guidelines for neonatal resuscitation do not specify differences across GA groups for chest compressions and epinephrine use, further studies are needed to determine whether there may be differences in response to DR-CPR according to GA for extremely preterm infants. Forest Plot of key outcomes stratified by gestational age. Adjusted odds ratios of DR-CPR versus no DR-CPR with 95% confidence intervals. Table 2 Outcomes of premature infants who received DR-CPR compared to infants who did not receive DR-CPR. 
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